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SYSTEM AND METHOD OF USE FOR LIGATING AND CUTTING TISSUE 

BACKGROUND OF THE INVENTION 

This invention generally relates to devices for 
performing endoscopic medical procedures • More specifically, 
5 this invention relates to devices for ligating and cutting body 
vessels. When performing medical procedures it is often 
necessary to ligate, or block the flow of, by crimping, a body 
vessel such as a vein or artery. It may also be necessary to 
cut the vessel. In endoscopic procedures the surgical 
10 treatment occurs at a distance, through a small incision in the 
patient's skin. In these procedures cutting and ligating 
vessels generally requires specialized instrumentation inserted 
through the incision. Even with such instrumentation these 
functions can be challenging. 

15 When grasping a vessel in preparation of other 

procedures it is important to obtain a secure grip on the 
vessel. It is also important to avoid dislodging the vessel 
from its normal position. Vessels which are not securely 
grasped are difficult to ligate and cut. Vessels which are 

20 dislodged from their normal position may spring back or recede 
from their new position once the procedure has been completed. 
Additionally, vessels which are dislodged may avulse, or damage 
connecting main branches, or in other words, moving a tributary 
may damage a saphenous vein. Loosely grasped vessels unduly 

25 complicate the medical procedure. Furthermore, after cutting 
a vessel in two or more places, a securely grasped vessel can 
be ^^harvested" by withdrawing the instrument and the grasped 
vessel . 

Many current devices grasp body vessels by sliding 
30 over them in an effort to trap them within the instrument. 
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This procedure produces an insecurely grasped vessel, due to 
the one-way trapping employed. This procedure also presents an 
uncertainty as to whether the vessel is adequately trapped 
within the instrument. Furthermore, these devices tend to 
5 dislodge the vessel from its normal position in an effort to 
trap the vessel. This is especially so for minimally invasive 
devices which are often very long. The normal movement of the 
operators hands is multiplied by the length of the device, so 
distal tip manipulation is difficult to control. 

10 When ligating a vessel it is important to completely 

and securely cut off the flow of the vessel. The clips used 
for ligation need to maintain a sufficient compression on the 
vessel to stop flow within the vessel and to remain secured on 
the vessel. Clips which leak or become dislodged from the 

15 vessel unduly complicate the medical procedure. 

Current devices use several different methods of 
ligating a body vessel. One method uses a closed clip 
construction of a particular configuration, which requires the 
clip to be mechanically bent open by an applicator to advance 

20 the clip over the body vessel. This requires the clip to be 
flexible enough so that bending the clip open will not 
permanently deform the clip more than is necessary to apply 
the clip. A more flexible clip will most likely be larger in 
size or have lower retention force to the vessel it is applied 

25 to. 

Another method uses an open clip construction, which 
requires the clip to be crimped after advancing the clip over 
the body vessel. This requires the medical device to provide 
sufficient force to permanently deform the clip over the body 
30 vessel. As in the first method, this requires the clip to be 
formed of relatively flexible material. Regardless of the 
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material used/ the permanent deformation during crimping can 
compromise compression strength by reducing the spring forces 
in the clip. Open clips take up more space and thus require 
larger delivery systems. Creating the great force necessary to 
5 close clips tends to be quite complex when it must be done in 
a small, disposable delivery system. Closed clips require much 
less force to apply, are easier to apply (because the force is 
applied along the length of the device and not perpendicular to 
it) , and have tighter dimensional control in their applied 
10 state because they are closed in a manufacturing environment 
with clip forming machinery. 

When cutting body vessels it is important to maintain 
a consistent cutting force so that the cut edges of the vessel 
are even and consistent. Inconsistent or uneven edges may be 

15 difficult to later re-attach or permanently close. Current 
devices use a scissoring method with a hinged lever-type action 
to cut a vessel. Such a method produces a cutting force which 
varies with the distance from the hinge point. Variations in 
cutting force varies the cutting efficiency and may produce 

20 uneven edges or an incomplete cut. 

Since many different procedures exist which require 
endoscopic ligating and cutting of vessels it is necessary that 
the device be capable of variable and multiple functions within 
a single procedure. Such operating flexibility has been 
25 difficult to achieve in a simple, easy to use device. The 
complexity of endoscopic surgery requires that the 
instrumentation be easily manageable. A simple hand-held 
device with a minimum of control mechanisms is preferrable to 
more complex designs. 

30 One of the great difficulties associated with 

minimally invasive surgery is the time required to change out 
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the surgical tools. Minimally invasive surgery is typically 
performed through a small number of ^^ports" that are often not 
near to the targeted surgical region. This limits the number 
of devices allowable and hinders the locating of the business 
5 ends of the devices at the surgical region. Multi- function 
devices help in this regard. 

What has been needed and heretofore unavailable is an 
endoscopic instrument which is capable of efficiently ligating 
and cutting a body vessel and having sufficient operating 
10 flexibility to be used in various procedures. Furthermore, a 
ligating clip has been needed which completely and reliably 
stops the flow through a body vessel during surgery. The 
present invention satisfies these needs, 

15 SUMMARY OF THE INVENTION 

The invention is directed to novel features in a 
medical device for cutting and ligating body vessels. The 
improvements include a hinged jaw to grasp the vessel, an 
improved delivery system of an improved ligating clip and a 

20 rotating cutter. The hinged jaw improves the efficiency of 
grasping the body vessel by not sliding over the vessel during 
insertion of the instrument, and then clamping down securely 
over the vessel. An improved ligating clip is provided which 
does not lose compression strength due to overbending during 

25 the procedure. The ligating clip delivery system is configured 
to store and deploy the improved clips without bending or 
crimping during the procedure. The rotating cutter is able to 
provide a more efficient cut by avoiding the deficiencies of 
previous cutters. The co-location of these features provides 

30 user flexibility and eliminates the time usually spent on 
changing out single function tools. 
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The instrument's distal end, containing manipulating 
devices, is percutaneously inserted into a patient, so that an 
operator can manually control the procedure by using the 
instrument's control devices located outside the patient. The 
5 instrument's manipulating devices can then be advanced over 
selected body vessels. The instrument, controlled by the 
operator, then grasps the vessel using a hinged jaw. Once the 
vessel is grasped, the operator, using the control devices, 
proceeds to ligate or cut the body vessel. The operator may 
10 perform either or both of these functions in any order desired. 

This instrument provides improved ligating of body 
vessels. Because the instriament advances the clip over the 
vessel, rather than bending the clip open and then releasing 
the clip over the vessel, the clip can be composed of very 

15 stiff material without compromising the compression force due 
to over bending. Both the instrument and the clip of the 
present invention include improvements which allow the clip 
simply to be advanced over the vessel. This allows for smaller 
clips (open clips take more space) , which, in turn, allows for 

20 a smaller instrument, which allows for a smaller percutaneous 
incision. 

This instrument also provides improved cutting of 
body vessels. By using a rotating cutter this invention avoids 
the variation in cutting force typical of other cutters. This 

25 consistency in cutting force leads to cleaner and more 
efficient cuts. Moreover, equipping the instrioment with bi- 
directional cutting capabilities, versatility as well as the 
cutting function itself are enhanced. Additionally, co- 
location of the cutter and ligator minimizes the amount of 

30 vessel tissue extending beyond the clip application site, 
which, in turn, thereby maximizes the length of a vessel being 
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harvested and eliminates the chance of inadvertently cutting 
non- target tissue. 

Other features and advantages of the invention will 
become apparent from the following detailed description, taken 
5 in conjunction with the accompanying drawings, which 
illustrate, by way of example, the features of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a perspective view depicting a medical 
instrument embodying the features of the invention. 

10 FIG. 2 is a perspective view of the distal end of the 

medical instrument of FIG. 1 depicting the manipulating 
assembly with the jaw in the open position. 

FIG. 3 is a perspective view depicting the 
manipulating assembly of FIG. 2 with the jaw in the closed 
15 position. 

FIG. 4 is a perspective view depicting the 
manipulating assembly of FIG. 3 with the cutting member 
extended and rotated. 

FIG. 5 is a perspective view of an alternative 
20 preferred embodiment of the applicator. 

FIG. 6 is a perspective view of one embodiment of the 
manipulating assembly, illustrating a hook for a acquiring 
vessels . 
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FIG. 7 is a partial cross-sectional side view 
depicting the manipulating assembly of FIG. 2 with the jaw in 
the open position. 

FIG. 8 is a partial cross-sectional side view of the 
5 manipulating assembly of FIG. 3 with the jaw in the closed 
position. 

FIG. 9 is a perspective view of one embodiment of the 
manipulating assembly, illustrating flares positioned on the 
manipulating assembly. 

10 FIG. 10 is a perspective view of one embodiment of 

the manipulating assembly, illustrating depth indicators 
configured on the manipulating assembly. 

FIG. 11 is a partial cross-sectional view of the 
actuation assembly of yet another preferred embodiment. 

15 FIG. 12 is a perspective view of an alternative 

preferred embodiment of a pushrod assembly. 

FIG. 13 is an enlarged perspective view depicting a 
first embodiment of a ligating clip. 

FIG. 14 is an enlarged perspective view depicting a 
20 second embodiment of a ligating clip. 

FIG. 15 is an enlarged perspective view depicting a 
third embodiment of a ligating clip. 

FIG. 16 is an enlarged perspective view depicting a 
fourth embodiment of a ligating clip. 
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FIG. 17 is an enlarged perspective view depicting a 
fifth embodiment of a ligating clip. 

FIG. 18 is an enlarged perspective view depicting a 
sixth embodiment of a ligating clip. 

5 FIG. 19 is an enlarged perspective view depicting an 

seventh embodiment of a ligating clip. 

FIG. 20 is an enlarged perspective view depicting a 
eighth embodiment of a ligating clip. 

FIG. 21 is an enlarged partial view of a ligating 
10 clip, depicting the ligating surfaces thereof. 

FIG. 22 is a cross-sectional side view depicting the 
clip storage and loading features of the invention, 

FIG. 23 is a partial cross-sectional view depicting 
the trigger mechanism of another preferred embodiment. 

15 FIG. 24 is a partial cross-sectional view of the feed 

mechanism of another preferred embodiment - 

FIG. 25 is a partial cross-sectional view of the feed 
mechanism shown in FIG. 24, with the first pushrod moved 
proximally . 

20 FIG- 26 is a partial cross-sectional view of the feed 

mechanism shown in FIG. 25, with the first pushrod moved 
distally . 

FIG. 27 is a partial cross-sectional view is an 
alternative preferred embodiment of the first pushrod. 
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FIG. 28 is a partial cross-sectional view of the 
pushrod shown in FIG. 27 moved distally. 

FIG. 29 is a partial cross-sectional view of an 
alternative embodiment of the pushrod shown in FIG. 28. 

5 FIG. 30 is an elevational view depicting a first 

embodiment of the cutting member. 

FIG. 31 is a side view depicting a second embodiment 
of the cutting member. 

FIG. 32 is a side view depicting a third embodiment 
10 of the cutting member. 

FIG. 33 is a side view depicting a fourth embodiment 
of the cutting member. 

FIG. 34 is a perspective view depicting an 
alternative embodiment of the manipulating and cutting assembly 
15 with the jaws in an open position. 

FIG. 35 is a perspective view of the device shown in 
FIG. 34, showing the jaws in a closed position. 

FIG. 36 is a perspective view of the device shown in 
FIG. 35, showing the cutter being rotated. 

20 FIG. 37 is a perspective view depicting the fixed jaw 

member embodying features of the invention. 

FIG, 38 is a perspective view depicting another 
preferred embodiment of the jaw members. 



wo 99/52413 



PCT/US99/07764 



-10- 

FIG. 39 is a perspective view depicting a first 
embodiment of slots in the cutting member and elongated shaft • 

FIG, 40 is a perspective view depicting a second 
embodiment of slots in the cutting member and elongated shaft, 

5 FIG. 41 is a perspective view depicting a third 

embodiment of slots in the cutting member and elongated shaft. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figures 1 through 4 illustrate a medical instrument 
embodying the features of this invention, which is designed to 
grasp, ligate, and possibly cut a body vessel. Generally the 
invention includes an actuating assembly 20 at one end, an 
elongated shaft 22 extending distally away from the actuating 
assembly, and a manipulating assembly 24 at the distal end of 
the shaft. The actuating assembly is handled by the operator 
and includes the devices which control the operation of the 
instrument. The distal end of the instriiment, including the 
manipulating assembly and portions of the elongated shaft, can 
be percutaneously inserted into a patient. The manipulating 
assembly can then be positioned onto the body vessel being 
treated. The manipulating assembly can then be used to grasp, 
ligate, and possibly cut the body vessel. 

Similar instruments, known in the art, are used to 
grasp, ligate and cut body vessels. These devices often use 
25 grasping means which require sliding the instrument over the 
vessel in order to trap the vessel. The devices ligate the 
vessel either by mechanically bending open a closed clip and 
then advancing the clip over the vessel and releasing the clip. 



15 
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or advancing an open clip over the vessel and crimping the clip 
onto the vessel • The cutting means of these devices use either 
lever-type scissors or a razor to cut the vessel. The 
improvements of the present invention include, grasping the 
5 vessel within the instrument's jaw 26, advancing an improved 
clip 28 over the vessel without bending or crimping the clip, 
and a rotating cutting means . 

This invention, as with similar instruments, is 
designed to be operated manually. Therefore, the actuating 
assembly 20 is equipped with a handle 32 which can be used by 
the operator to position the instrument within a patient's 
body. The handle is attached to a barrel 34 which is disposed 
generally perpendicular to the handle, but can also be parallel 
or in line with the barrel (See FIG, 5) . The actuating 
assembly is also equipped with at least one trigger 36 and at 
least one cutting knob, button or lever 38 which are adapted 
for manual operation of the devices at the distal tip of the 
elongated shaft 22. The elongated shaft and manipulating 
assembly 24 are sufficiently narrow, approximately 5mm, to be 
percutaneously inserted into the patient and advanced through 
the body to a body vessel to be treated. Once the manipulating 
assembly is properly positioned over a body vessel this 
invention is capable of multiple procedures. 

Figures 2 and 3 illustrate the grasping procedure of 
25 the invention which is accomplished using the jaw 26. The 
figures illustrate, by way of example, the jaw having a hinged 
jaw member 4 0 and a fixed jaw member 42 both extending away 
from the distal tip of the shaft. The hinged jaw member is 
attached to a hinge 4 4 near the attachment between the fixed 
30 jaw member and the distal tip of the elongated shaft 22. The 
hinged jaw member has a grasping surface, 4 6 and the fixed jaw 
member has a grasping surface 48. These surfaces are designed 



15 



20 
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to receive a body vessel and hold it securely. In a preferred 
embodiment at least one of the grasping surfaces includes a 
stop or arm 90 near the proximal end of the surface to aid in 
preventing the vessel being inserted too far into the device, 
5 The upper jaw member and the lower jaw member may also define 
a channel 70 between them. The channel defines an opening 71 
at the distal end of the jaw and continues proximally through 
the jaw. Grasping surfaces 46, 48 can have geometry (eg. 
teeth) or surface treatments (eg., sticky coating) for 
10 facilitating grasping. Moreover, either jaw may have a distal 
hook 35 to aid in acquiring the vessel (See FIG. 6) . 

The configuration depicted defines two positions for 
the jaw. In the open position 54 the grasping surfaces 46, 48 
of the hinged jaw member 40 and the fixed jaw member 42 are 

15 spread apart. In this open position the jaw may be advanced 
over a body vessel 50. In the closed position 56 the grasping 
surface of the hinged jaw member 46 and the grasping surface of 
the fixed jaw member 48 are in contact or in close proximity 
with each other. In this position, the jaw 2 6 firmly grasps 

20 the body vessel. 

In the embodiment illustrated, the hinged jaw member 
40 extends proximally beyond the hinge 44 (See FIGS. 7 and 8) . 
Either jaw member may have flares or depth indicators 37 to 
assist the visualization of the vessel within the jaws (See 

25 FIGS. 9 and 10). The pushrod 58 is spring loaded so that the 
hinged jaw member can be in the open or closed position 54 or 
56. When a first pushrod 58 is advanced forward into the 
proximal end of the hinged member it actuates the hinge member 
into the closed position 56 (See FIGS. 7 and 8) . When a first 

30 pushrod 58 is advanced backward away from the hinged member it 
actuates the hinge member into the open position 54. The first 
pushrod is housed within or can be part of the elongated shaft 
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22 and extends proximally through the shaft to the actuating 
assembly 20, At the actuating assembly the first pushrod is 
connected to the trigger 36 so that squeezing the trigger 
advances the first pushrod and actuates the jaw into the closed 
5 position. The trigger ; or first pushrod, can be spring loaded 
so that releasing the trigger retracts the first pushrod and 
actuates the jaw into the open position. 

In one preferred embodiment of the actuation assembly 
(See FIG. 11) , the trigger and jaws are in the reverse 

10 configuration where jaws are spring loaded to the closed 
position and squeezing the trigger will open the jaws. When 
the trigger is released the jaws are pushed back to the closed 
position by the spring force. This allows the user the ability 
to not have to hold the jaws closed while a clip is being 

15 applied or the vessel is being cut. 

As shown in FIG. 12, in one preferred embodiment, the 
first pushrod 58 is an assembly embodying a proximal portion 
59, a distal portion 65 and a spring 67 interspaced 
therebetween. The distal portion includes an angled surface 69 

20 which engages that part of the jaw member which extends 
proximally beyond the hinge 44, and by way of a wedging action, 
operates to close the jaws. By so configuring the assembly 
with spring 67, the jaws can be closed with the specified force 
supplied by the spring. This limits the closing force so 

25 tissue inside the jaws does not get squeezed to the point of 
being damaged. Further, the wedging action makes it more 
difficult for the jaws to be pried open at the mouth thereof by 
a spring clip that is being applied to a vessel that is 
bunching up or expanding in some manner within the jaws. 

30 This invention will also be operable with embodiments 

not illustrated in the figures. The jaw may be composed of two 
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hinged members which operate in unison or otherwise- The 
hinged members may be actuated by similar mechanical or 
assisted mechanical means such as electric, hydraulic or 
pneumatic means. Instead of a trigger, the control device may 
5 be configured as a button, a switch or any equivalent device. 

This invention is contemplated to ligate the body 
vessel using an improved clip 28. The clip can be configured 
in several ways as illustrated by Figures 13 through 21. 
Essentially the clip is a single component folded or twisted 
10 onto itself so that an upper member 60 and a lower member 62 
are formed. A compressive force is provided at the distal end 
between these members as they are compressed together ie. 
folded over on each other. This configuration also defines a 
receiving end 63 of the clip and a closed end 61 of the clip. 

15 The improvement of this clip is that during ligation 

the members 60, 62 only open as wide as necessary to enclose 
the body vessel 50 to be treated. The members have lips 64 
formed at the receiving end 63 of the clip by diverging the 
upper member 60 and lower member 62 away from each other at 

20 their ends. These lips allow the clip to receive the vessel 
between the upper member and lower member and spread the 
members apart as the vessel passes through the clip. This 
improvement allows the clip to be spread over the vessel with 
a minimum of bending. Also the compressive (spring load) 

25 forces between the members will never be less than their 
maximum potential because the members will never be bent open 
more than is necessary to receive the vessel. While stiff er 
materials provide greater compressive forces, they are also 
more likely to permanently deform if the clip is bent open by 

30 the instrument for the purpose of receiving a vessel. 
Therefore, with this improvement the clip can be composed of as 
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stiff a material as possible without compromising the 
compressive forces due to overbending. 

In a preferred embodiment, as shown in Figure 13, the 
clip 28 is formed from a narrow thin plate, flat wire or even 
5 square wire which is folded onto itself leaving a compressive 
force between its two members 60 and 62. The lips 64 are 
formed by bending the tips of the plate away from each other at 
the receiving end 63. Vessel retention structure may be 
configured on opposed faces which separate to increase 
10 stability of the clip on the vessel. In its relaxed state, 
the retention surfaces may be in contact under force or there 
may be a slight gap therebetween. 



In one embodiment, shown in Figure 14, the clip 28 is 
formed as a closed tubular member at the closed end 61 and 
15 narrows to two flat plates at the receiving end 63. The lips 
64 are formed by bending the plates away from each other at 
their tips. 

In another embodiment, shown in Figure 15, the clip 
28 is formed from a flat plate which is folded onto itself and 
20 then twisted. The twist adds reinforcement to the moment that 
supplies the compressive force between the distal ends of the 
members 60 and 62. The lips 64 are formed by bending the tips 
of the plate away from each other at the receiving end 63. 

In a further embodiment, shown in Figure 16, the clip 
25 28 is formed from a single wire twisted to form two ligating 
surfaces 66 similar to a paper clip with the bonding surfaces 
in the same horizontal plane. The mouth 64 is formed by 
bending the wire segments away from each other at the receiving 
end 63 . 
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In yet another embodiment, shown in Figure 17, the 
clip 28 is formed from a single wire folded onto itself to form 
the single ligating surface 66. The lips 64 are formed by 
bending the wire ends away from each other at the receiving end 
5 63. The wire is twisted near the closed end to help prevent 
the body vessel 50 from advancing too far into the clip. 

In another alternative embodiment, shown in Figure 18 
the clip 28 is formed from a narrow thin plate which is twisted 
onto itself forming a loop at the closed end 61. The lips 64 
10 are formed by bending the tips of the plate away from each 
other at the receiving end 63. 

A modification which can be applied to all of the 
configurations is illustrated in FIG. 19. By forming waves 68 
in one or both of the members 60 and 62, the clip 28 will form 
15 alternating areas of relatively high and relatively low 
compression at the ligating surface 66. The relatively high 
areas of compression will increase the grasping force on the 
body vessel 50. 

Figure 20 illustrates a modification which can be 
20 applied to all of the configurations. By increasing the radius 
of curvature of the bends in the clip 28 near the closed end 61 
a stiffer material can be used so the clip will have a higher 
spring force, creating a higher compression force at the 
ligating surface 66, while allowing a sufficient flexibility 
25 near the receiving end 63. 

Another modification, not illustrated, is to have a 
small gap between the members 60, 62 as opposed to having them 
in contact when the clip 28 is closed. This modification 
permits larger vessels to be ligated without overbending the 
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clip. The gap may also become narrower or wider toward the 
closed end 61 of the clip. 

The ligating surfaces 66 of the clip members 60, 62 
may also be modified to minimize slip across the surface. The 
5 surface may be notched, knurled, scaled or filed. Many 
patterns can be made into the bonding surfaces. (See for 
example FIG. 21, which illustrates a surface embodying oriented 
chevron shaped recesses 79.) 

The ligating surfaces 66 of the clip may be modified 
10 with various means to further prevent slippage. Mechanical 
means such as interlocking teeth either lengthwise or cross 
wise may be employed. The clips may also include a shark tooth 
configuration, wherein the surface contains sharp ridges with 
edges facing the closed end 61 of the clip. The surfaces may 
15 also be coated with non-slip substances, such as silicone 
rubber. 

When the jaw 2 6 has grasped a body vessel 50 the 
instrument is in position to ligate the vessel. The jaw also 
crimps the vessel into a low profile which facilitates the 
20 application of the clip 28. The clip is advanced out of a 
channel 70 defined in the jaw and over the crimped body vessel. 

Figure 22 illustrates, by the way of example, the 
ligating function of the invention. A clip 28 is disposed 
within the elongated shaft 22 adjacent the jaw 26, A second 

25 pushrod 72, in-line with the clip, is used to distally advance 
the clip through the channel 70 defined in the fixed jaw member 
42 and the hinged jaw member 40. The channel is configured so 
that it is in-line with, and accessible by, the second pushrod 
and the clip only when the jaw is in the closed position 56. 

30 Furthermore, the crimped body vessel is positioned by the jaw 
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to be in-line with the receiving end 63 of the clip. 
Therefore, advancing the second pushrod advances the clip over 
the body vessel which spreads the members 60, 62 of the clip 
until the body vessel is fully ligated. 

5 The second pushrod 72 is housed within the elongated 

shaft 22 and extends proximally through the shaft. At the 
actuating assembly 20, the second pushrod is attached to a 
second trigger 73 so that squeezing the second trigger advances 
the second pushrod and advances the clip over the body vessel 

10 50. The second trigger and/or the second pushrod are spring 
loaded so that the second pushrod is retracted when the second 
trigger is released. In another preferred embodiment FIG. 23, 
the first pushrod 58 and second pushrod 72 are coupled together 
to one trigger 73 which both actuates the jaw and advances the 

15 clip. The assembly of the pushrods and trigger may be 
configured so that different positions of the trigger may 
define different functions being performed by the pushrods. 
This invention is also operable with embodiments not 
illustrated in the figures. The clip, advancing function of the 

20 medical device has been described as a simple mechanical 
device. Many more complex devices are able to perform this 
function as well. An electric device may advance the clips and 
pushrod using an electric motor. Pneumatic or hydraulic means 
may be utilized by forcing a fluid behind the pushrod so that 

25 it extends like a piston. Furthermore, other mechanical means 
may be employed to advance the clips over the vessel. 

This instrument may be configured to house and deploy 
several clips within a single procedure. Figure 22 

illustrates, by way of example, the features associated with 
30 this improvement. A plurality of clips 74 may be housed within 
a separate storage tube 76. The storage tube may be of any 
configuration which facilitates the storage of multiple clips 
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while allowing for the deployment of clips as they are to be 
used- As an example, the storage tube may be a tubular shaft, 
slightly larger in diameter than the clips, extending through 
the elongated shaft 22. The proximal end of the storage tube 
5 contains an advancing spring 78 which acts to force the 
plurality of clips distally- At the open distal end of the 
storage tube, a sidearm 80 defines a staging area 82. The 
staging area may be configured to accept a single clip 
advancing distally from the storage tube due to the force of 
10 the advancing spring. The sidearm includes a loading spring 84 
which acts to force the sidearm, and the clip in the staging 
area, into position to be advanced by the second push rod 72. 

When the second pushrod 72 is in a distally advanced 
position, it prevents the loading of the clip 28 in the staging 

15 area 82 by occupying the area to which the clip would be 
loaded. When the second pushrod is retracted, the distal end 
of second pushrod is proximal to the staging area and side ram 
80. This allows the loading spring 84 to force the sidearm, 
staging area, and clip to a position in-line and distal to the 

20 second pushrod. As the second pushrod is advanced distally 
with the sidearm, staging area, and clip in-line with the 
second push rod, the sidearm is configured to be forced back 
in-line with the storage tube 76, compressing the loading 
spring 84. Furthermore, the sidearm is configured so that as 

25 it is forced back in-line with the storage tube, the clip 2 6 in 
the staging area is left in-line with the second pushrod. This 
leaves the staging area empty so that another clip is advanced 
into it as it returns to a position in-line with the storage 
tube. The clip that is in-line with the second pushrod is now 

30 ready to be advanced through the channel 70 and over the vessel 
50. 
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The embodiments of these features may vary without 
affecting the operability of the invention. The staging and 
loading of the clips may be accomplished with similar 
mechanical and mechanical assisted means. As shown in FIGS. 
5 24-26, for example, the feed mechanism can include a leaf 
spring 81 which cooperates with sideram 8 0 to accomplish 
loading a clip 28 for application upon a vessel. In this 
embodiment, when the first pushrod 58 is pulled proximately, 
the lead clip is pushed forward by the force applied by 

10 advancing spring 78 and is guided sideways by sideram 80 into 
a position beyond and in line with the first pushrod 58. The 
longitudinal movement of the pushrod 58 is such that its distal 
end travels a distance great enough to make room for a single 
clip 28 in the staging area. The leaf spring 81 is stiff 

15 enough to maintain the advanced clip within the interior of the 
distal portion of the device. As the first pushrod 58 is once 
again advanced forward, it engages the clip 28 in the staging 
area with a force which overcomes the restraining force of the 
leaf spring, thereby pushing the forward-most clip 28 out 

20 toward the vessel to be ligated. The next clip in sequence is 
then in a position to be advanced into the staging area and the 
process is repeated. 

Additionally, as shown in FIGS. 27 and 28, in one 
preferred embodiment the first pushrod 58 is an assembly 

25 embodying a proximal portion 83, an actuator piston or distal 
portion 85, a spring 87 interspaced between the proximal 
portion and distal portion, and a stop 89. Proximal portion 83 
includes a recess 91 configured in its terminal end within 
which the spring 87 is attached at one end and which is adapted 

30 to receive distal portion 85, to which the second end of the 
spring is attached. Such a pushrod has the advantage of 
guaranteeing that the vessel is located completely inside the 
clip 28 as well as controlling the force, by selecting springs 
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with desired forces, which advances the clip 28 over the 
vessel. In operation, the pushrod assembly is advanced 
distally until the proximal portion 85 engages the stop. At 
this point, the clip has been advanced over the vessel. Where 
5 the vessel being ligated is very small in diameter so that the 
force to apply a clip over it is relatively small (ie., less 
than the force supplied by the spring) , then the spring will 
advance the second portion of the pushrod and the clip further 
forward over the vessel. As shown in FIG. 29, the recess 
10 formed in the proximal portion of the pushrod can have a 
stepped configuration so that the spring does not have to be 
compressed to a solid height. 

Furthermore, additional means for feeding a clip 2 8 
may include electric motors or hydraulic pumps. The staging 
15 and loading of the clips may also be performed manually by 
devices attached to the actuating assembly 20 or elongated 
shaft 22 . With such a manual means the clips could be loaded 
individually, by placing the clip into position to be advanced. 

This invention may also be configured to cut the 
20 grasped body vessel 50, using an improved cutter. Figures 2 
through 4 illustrate, by way of example, the features 
associated with this improvement. While the body vessel is 
grasped and crimped by the jaw 26, a cutting member 86 having 
at least one cutting edge 88 (as shown in FIGS • 30-33) may be 
25 advanced over the jaw and body vessel if it is not already 
there (See FIG, 34-36 which shows the rotating cutter 86 
configured on the fixed jaw) . The cutting member may then be 
rotated in either direction generally about the axis of the 
elongated shaft. As the cutting member is rotated one of the 
30 sharpened edges will cross the body vessel and cut it. 
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In the embodiment illustrated the cutting member 86 
is a distal extension on the elongated shaft 22. The cutting 
member has cutting edges 88 along both sides. The fixed jaw 
member 42 has complementary cutting edges 90 (as shown in FIG. 
5 37) along its sides, so that when the elongated shaft and 
cutting member are rotated the cutting edges of the cutting 
member and fixed jaw member cross each other in a scissoring 
action. Significantly, bi-directional cutting eliminates the 
need to rotate the distal end of the device to an appropriate 
10 position. 

Figures 30-33 illustrate several possible 
configurations of the cutting member 86 and cutting edges 88. 
In one embodiment, as shown in FIG. 30, the cutting member and 
cutting edge have at least one angular bevel 92 which further 

15 narrows the extension near the distal tip. This improvement 
varies the angle of the cut during the cutting stroke. Another 
embodiment, as shown in FIG. 31, has serrations 94 in the 
cutting edges which increase the cutting efficiency and 
maintains the sharpness of the cutting edges. Another 

20 embodiment, as shown in FIG. 32, the cutting extension and 
cutting edges have the shape of an arc enclosing the area 
grasped by the jaw 26. This improvement captures the body 
vessel 50 to be cut as the arc-shaped cutting edge of the 
cutting member sweeps across the complementary cutting edges 

25 90. Another embodiment, as shown in FIG. 33, the cutting 
member has at least one angular inward slant 96, which brings 
the distal tip of the cutting member closer to the cutting 
surface. This improvement increases the cutting force near the 
distal tip of the cutting member due to increased compression 

30 between the cutting edge and the complementary cutting edge as 
the cutting member is forced to bend against the slant. 
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The fixed jaw member 42 can also be modified to 
increase cutting efficiency. The fixed jaw member. can increase 
in width near the distal tip as illustrated in FIG. 37. This 
has a similar effect as slanting the cutting member 8 6 inward 
5 near the distal tip shown in FIG. 33. The compression is 
increased between the cutting edge 88 and the complementary 
edge 90 as the extension is forced to bend away from the 
increased width of the fixed jaw member. The ramps 52 near the 
proximal end of the fixed jaw member may also be edged to 

10 provide a lead-in edge 98 to prevent the edges from binding 
each other when cutting action is initiated. The edge on the 
cutting member may similarly have a lead-in edge 198 (FIG. 34) 
to replace or compliment the ramps 52. Another modification to 
jaw geometry 42 that can increase cutter scissoring action is 

15 illustrated in FIG. 38. This modification can be made while 
maintaining jaw geometry similar to FIG. 37 or having a 
straight profile. Angle #2 in FIG. 38 is increased by canting 
the surface, on top of and adjacent to edge 90, an angle #1. 
The increased angle #2 is an increased angle between cutting 

20 edges 90 and 98 and can improve cutter scissoring action. 

Most examples have shown the cutting member 86 cutting on 
the complementary edge 90 on the fixed jaw, but the cutting 
member 8 6 can cut on the complimentary edge 9 0 on the hinged 
25 jaw also (See FIG. 34-36) , This is a more preferred method 
because no distal/proximal translation is required for 8 6 to 
stay clear of the hinged jaw in the open position. Rotating 8 6 
is the only movement required for cutting. 

As illustrated in FIG. 39, there are modifications to 
30 the elongated shaft 22 which improve the cutting efficiency. 
Slots in the elongated shaft may be used to increase the 
flexibility of the elongated shaft, reducing the tendency of 
the cutting member 8 6 to bind on the complementary cutting edge 
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90. Figure 39 depicts a single longitudinal slot 100 in the 
elongated shaft opposite the cutting member. The slot extends 
from the distal end of the elongated shaft a distance 
sufficient to provide the desired flexibility. A similar 
5 longitudinal slot 100 in combination with a radial slot 102 is 
depicted in FIG. 40. The radial slot extends radially from 
both sides of the longitudinal slot a distance sufficient to 
provide the desired flexibility. Another embodiment, as shown 
in FIG. 41, has a pair of longitudinal slots 100 on opposite 
10 sides of the elongated shaft. Both slots are at the sides of 
the cutting extension, and extend a sufficient distance to 
provide the desired flexibility. 

The cutting member 8 6 has cutting edges 8 8 on both 
sides as well as the fixed or hinged jaw member 42 or 40 having 

15 complementary edges 90 on both sides so that rotation of the 
cutting member in either direction will produce a cutting 
action. In the illustrated embodiment the cutting member is 
rotated by rotating the entire elongated shaft 22. The 
elongated shaft is rotated using the cutting knob 38 or other 

20 mechanical actuating means (See FIG. 5, button 108) located 
within the actuating assembly 20. 

As depicted in Figure 2, while the jaw 2 6 is in the 
open position 54 the elongated shaft 22 and cutting member 8 6 
are positioned proximal to the jaw. When the jaw 26 is in the 
25 closed position, the elongated shaft can be advanced distally 
so that the cutting member extends over the jaw and any body 
vessel 50 grasped by the jaw, provided it is not already so 
configured. The cutting member can then be rotated in either 
direction depending on which side the cut is desired. 

30 The elongated shaft 22, which is integral with the 

cutting member 86, extends proximally to the actuating assembly 
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20 where it is fixedly attached to a cutting knob 38 which 
extends generally perpendicular to the shaft. The cutter knob 
is adapted to be manually controlled, and extends out of the 
barrel 34. The knob is seated within two slots in the barrel. 
5 A longitudinal slot 104 extends distally through the barrel a 
length which is sufficient to advance and retract the cutting 
member 8 6 from its fully extended position to its fully 
retracted position, approximately a half inch. A radial slot 
106 extends in both directions from the distal end of the 
10 horizontal slot. The slot extends a sufficient distance around 
the barrel to rotate the cutting member through a complete cut 
along the complementary cutting edge 90, approximately 90 
degrees around the barrel in both directions. The slots are 
wide enough to accept the cutting knob . 

15 The embodiments of these features may vary without 

affecting the operability of the invention. The cutting member 
8 6 has been illustrated as integral with the elongated shaft 
22 . The cutting member may also be a separate structure 
located outside or within the elongated shaft. The advancing 

2 0 and rotating of the cutting member may be accomplished with 
similar mechanical and mechanical assisted means. Further- 
more, the complementary cutting edges 90 may be on separate 
structure instead of on the fixed jaw member 42 or on the 
hinged jaw 40. 

25 The improvements of this instrument allow for an 

improved process of ligating and possibly cutting a body 
vessel. Using the invention with the features identified, an 
operator grasps the handle 32 of the actuating assembly 20 and 
percutaneously inserts the manipulating assembly 2 4 and 

30 elongated shaft 22 into the patient. The manipulating assembly 
is then advanced to the body vessel 50 to be treated. 
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The body vessel 50 is positioned between the hinged 
jaw member 4 0 and the fixed jaw member 42 while the jaw 2 6 is 
in the open position 54, and the cutting member 8 6 is 
retracted. By squeezing the trigger 36 a certain distance the 
5 jaw is actuated into the closed position 56 grasping and 
crimping the body vessel 50. 

With the body vessel 50 grasped and crimped within 
the jaw 26 the operator may then continue with the procedure 
either by ligating the body vessel with an improved clip 28 or 
10 by cutting the body vessel. The operator may also choose to 
combine ligating and cutting the body vessel in different 
orders . 



To ligate the vessel the operator may, for example, 
further squeeze the trigger 36 so that an improved clip 28 is 
15 advanced over the body vessel 50. With the body vessel ligated 
the operator releases the trigger to a certain position which 
loads another clip to be advanced. The operator may then 
choose to cut the vessel or release the jaw and remove the 
instrument from the body vessel. 

20 To cut the vessel, either before, after, or without 

ligating the vessel, the operator may, for example, distally 
advance the cutting knob 38, which distally advances the 
cutting member 8 6 over the jaw 2 6 and the body vessel 50. The 
operator may then choose to cut the body vessel on either side, 

25 or both sides, of the jaw. To cut the body vessel on any 
particular side of the jaw the operator rotates the cutting 
knob through the radial slot 106 on the corresponding side of 
the barrel 34. With the body vessel cut the operator returns 
the cutting member to the retracted position by rotating the 

30 cutting knob back to the upright position and retracting it 
proximally within the horizontal slot 106 in the barrel. The 



wo 99/52413 



PCT/US99/07764 



-27- 

operator may then choose to cut the vessel on the opposite side 
of the jaw^ ligate the vessel with an improved clip 28, or 
release the vessel. Again, the preferred embodiment has the 
cutting member 8 6 rotating over hinged jaw 40 to produce 
5 cutting action. No* proximal/distal translation of 86 is 
required for this embodiment. Rotating the cutting member 8 6 
is all that is required to cut the vessel in this preferred 
embodiment . 

The operator may release the body vessel 50, with or 
10 without cutting the member by, for example, releasing the 
trigger 3 6 which actuates the jaw 2 6 into the open position 54. 
The operator may then either retract the instrument from the 
patient or proceed to treat other portions of the same or 
different body vessels. With this instrument the operator may 
15 cut an indefinite number of body vessels within an individual 
procedure. Furthermore, since the instrument contains a 
plurality of improved clips 74 which are automatically loaded 
to ligate a vessel once another clip has been used, the device 
may be used to ligate several vessels within a single 
20 procedure. 

The operator may choose to use this instrument in 
harvesting a body vessel 50. Body vessels are harvested for 
many reasons, including transplant and biopsy procedures. To 
harvest a body vessel the operator first frees the selected 

25 body vessel by using this instr\jment to cut and ligate the body 
vessel in multiple locations. Once the body vessel has been 
freed from its connections to the body the operator grasps the 
vessel by squeezing the trigger 36 and actuating the jaw 26 
into the closed position 56 over the body vessel. Once the 

30 body vessel is firmly grasped the operator withdraws the 
instrument and the vessel from the body. The operator then 
released the trigger and actuates the jaw into the open 
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position 54, releasing the body vessel. Such a vessel is then 
available for the procedures required. 

As can be seen, the improvements of this method are 
the efficiency with which body vessels can be ligated and cut, 
5 as well as the flexibility the improved invention gives the 
operator in deciding how to continue in the procedure. The 
efficiency in ligating body vessels is provided by the improved 
grasping means of the jaw 26 and the improved ligating means of 
the improved clip 28. The efficiency in cutting body vessels 
10 is provided by the improved cutting means of the rotating 
cutting member 86. 

The instrument of the invention may be made from 
various materials such as metals, preferably stainless steel, 
plastics, preferably a polycarbonate or polyetherimide resin, 

15 or the like. The instrument may also be made from a 
combination of materials. Usually if the instrinaent, or 
portions thereof, are made from stainless steel those portions 
will be reusable after sterilizing. Those portions made from 
plastic materials will be disposable or reusable. The 

20 instrument may be designed to accept a replaceable storage tube 
of clips and this may be accomplished with a reusable storage 
tube or a disposable one. 

The improved clip 28 of the invention may be made 
from various known metals, for example, stainless steel, 
25 titanium, tantalum, super-elastic memory metals or the like, or 
possibly from plastic materials that have sufficient 
resilience, such as poly olefins, glycolide-lactide polymers or 
similar plastics. 

While the present invention has been described in 
30 terms of a simple mechanical device, there are multiple means 
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which will achieve the same purposes. An electric device with 
the same basic design may employ electric motors and other 
devices to perform the functions of the invention, such as, 
actuating the jaw 26, advancing the clips 28, rotating the 
5 cutting member 8 6 and inserting and withdrawing the instrument 
itself. One possible advantage of such an electric embodiment 
would be the addition of computerized or electronic control of 
the functions • The same functions could also be accomplished 
using hydraulic or pneumatic means. With these embodiments the 

10 instrument would employ pressurized fluids behind pistons to 
actuate the manipulating assembly 24. Possible advantages of 
these embodiments would be greater forces applied and more 
precision accomplished in the procedure. 

While the present invention has been described in 

15 terms of specific preferred embodiments it will be readily 
apparent to those skilled in the art that various modifications 
and alterations may be made without departing from the scope of 
the invention. Although this device has been presented as an 
endoscopic instrument it may also be used, with or without 

20 adaptation, in other types of surgical procedures. This device 
has been described in terms of performing procedures on body 
vessels, such as veins or arteries, however, those skilled in 
the art will recognize that this device can be used on various 
body tissues. 
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WHAT IS CLAIMED IS: 

1. A system for performing a surgical technique, 
comprising: 

an actuating assembly; 
5 an elongate tubular shaft; 

a manipulating assembly, said manipulating assembly 
including jaw members, said jaw members having an open and a 
closed configuration; 

a cutting device, said cutting device capable of 
10 rotating about said jaw members when said jaw members are in 

said closed position; and 

said actuating assembly operatively connected to said 
manipulating assembly and said cutting device through said 
elongate shaft. 

2. The system of claim 1, wherein one said jaw member 
rotates with respect to the other said jaw member, 

3. The system of claim 1, wherein at least one said jaw 
member includes a cutting edge which cooperates with said 
cutting device. 

4. The system of claim 1, further comprising a plurality 
of clips housed within said elongate shaft. 

5. The system of claim 4, further comprising a clip 
advancing assembly that facilitates advancing at least one clip 
between said jaw members. 

6. The system of claim 1, said actuating assembly 
further comprising a trigger operatively connected to said 
manipulating assembly whereby actuation of said trigger causes 
the jaw members to assume open or closed positions. 
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7. The system of claim 1, said actuating assembly 
further comprising a knob operatively connected to said cutting 
device whereby actuation of said knob causes the cutting device 
to rotate • 

8. The system of claim 6, further comprising a first 
pushrod configured longitudinally within said tubular shaft, 
said first pushrod operatively associated with said trigger 
whereby actuation of said trigger causes said first pushrod to 

5 travel longitudinally with respect to said manipulating 
assembly. 

9. The system of claim 8, further comprising a second 
pushrod configured longitudinally within said tubular shaft and 
positioned adjacent said first pushrod, said second pushrod 
operatively associated with said trigger whereby actuation of 

5 said trigger causes said second pushrod to travel 
longitudinally with respect to said manipulating assembly. 

10. The system of claim 9, further comprising a sideram, 
said sideram being configured within said tubular shaft and 
operating to direct at least one clip into a staging area which 
is in alignment with said second pushrod. 

11. The system of claim 10, wherein said sideram is 
spring loaded. 

12. The system of claim 10, further comprising a leaf 
spring, said leaf spring operating to contain at least one clip 
within said staging area. 

13. The system of claim 10, said second pushrod further 
comprising a device for controllably further advancing a clip 
against minimal resistive forces. 
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14. A clip for ligating tissue, comprising: 

a folded unitary member having an open end, a closed 

end and an intermediate sections- 
said open end including diverging lip members; and 
5 said intermediate section including opposing 

retention surfaces. 

15. The clip of claim 14, wherein said opposing retention 
surfaces are in contact prior to application upon a tissue to 
be ligated. 

16. The clip of claim 14, wherein there is a gap between 
said opposing retention surfaces prior to application of said 
clip upon tissue to be ligated. 

17. The clip of claim 14, said opposing retention 
surfaces further comprising surface structure for minimizing 
slippage. 

18. The clip of claim 14, wherein said intermediate 
section is twisted with respect to said open and closed ends. 

19. The clip of claim 14, wherein one said opposing 
member includes waves formed therein. 

20. A method for ligating and cutting tissue using a 
device including a manipulating assembly, a rotatable cutter 
device, a plurality of clips and structure for advancing the 
clips over tissue, comprising the steps of: 

5 capturing tissue with the manipulating assembly; 

advancing at least one clip over the tissue to be 
ligated; and 

rotating said cutter device to thereby cut the 

tissue . 
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